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Method and assembly for opening calender nips 

The present invention relates to a method according to 
the preamble of claim 1 and an assembly according to the 
5 preamble of claim 7 for opening calender nips especially 
at breaks occurring in a web being calendered. The inven- 
tion also relates to a method according to the preamble 
of claim 14 for detecting a break in a moving web. 

10 Conventionally, the surface of a moving web of paper or 

board is smoothed and made glossy in a multiroll calender 
comprising a plurality of rolls stacked in a calender 
frame so as to form a nip contact with each other. A 
multiroll calender comprises a top roll and a bottom roll 

15 with at least one intermediate roll located therebetween. 
The rolls of the stack are compressed against each other 
by the top and bottom rolls that act as the loading rolls 
to provide a sufficiently high linear nip force. In 
calendering, the web passes through the calender nips 

20 formed by the superimposed rolls. A soft -roll calender 

typically has two or four nips placed in a succession in 
separate calender frame sections thus allowing the web 
being calendered to pass straight between two successive 
nips. In a conventional two-nip soft-roll calender, the 

25 web is calendered once on either side. 

Some of the calender rolls are heatable, hard- surf aced 
thermorolls, while some others are rolls surfaced with a 
soft coating. For instance, one of the rolls in a roll 
30 pair of a soft-roll calender is generally a metal- 

surfaced thermoroll and the other is soft-coated roll. 
The thermoroll is typically heated with oil or some other 
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heat-transfer medium such as water or steam. Using oil as 
the heating medium, a roll temperature of almost 300 °C 
can be reached. However, the temperature of the thermo- 
roll is typically about 200 °C. Circulation of the heat- 

5 . transfer medium in the roll can be accomplished in dif- 
ferent ways. The most frequently employed technique is to 
feed the heat -transfer medium into and out from the roll 
via a single end only, whereby the medium first is passed 
along one duct to the roll end and then the return flow 

10 takes place along a parallel duct. The return flow exits 
the roll to a reheating circuit via a bore made to the 
roll end flange and the roll shaft. 

In the material selection for soft-coated rolls, the 
15 possible temperature elevation caused by an adjacent 

thermoroll must be taken into account. The surface cover- 
ings of soft -coated rolls are selected from the group of 
materials compatible with the rugged conditions imposed 
by the nip contact, such as a generally available polymer 
20 of the thermosetting or thermoplastic type, for instance. 
Rolls coated with a thermoplastic, polymer are described 
in, e.g., publication GB 1,011,114, while rolls coated 
with a thermosetting polymer are described in, e.g., 
publication EP 321,561. In the prior art it was 
25 conventional to make the covering of soft-coated rolls 
from natural -fiber-based materials such as those 
described in, e.g., publication US 4,283,821. 

As the web being calendered may in some cases break 
30 during calendering, either prior to or after the calen- 
dering step, it is necessary to have an ability to open 
the calender nips as rapidly as possible at the occur- 
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rence of a web break. Opening the nips is particularly 
important in calenders having soft -coated rolls. Namely, 
the thermorolls of closed nips begin after the web break 
to heat the adjacent soft-coated rolls because there is 
5 no more a paper web running through the nip so as to 

remove the heat emitted by the thermorolls. "Herein, the 
soft -coated rolls may overheat resulting in a roll 
damage. In modern calenders running at high web speeds, 
also the amounts of heat transferred to the thermorolls 
10 may be substantially large, which means that an extremely 
rapid opening of a thermoroll nip is mandatory, even as 
fast as in few tenths of a second if the web break occurs 
just upstream from a nip. 

15 To prevent damage to soft -coated rolls, calenders are 

equipped with automatic web-breakage control that opens 
the calender nips immediately at a web break. Typically, 
the occurrence of web breaks is monitored by means of 
photocell curtains installed over the web in the cross- 

20 machine direction. As the detection of a web break must 

take place in a short time, it is not possible to apply a 
sufficient filtration to the output signal obtained from 
the photocells. Hence, a small defect, such as a hole in 
the web, may be interpreted as a web break even if the 

25 defective portion of the web in fact might pass the 

calender without problems. However, due to the high price 
of the soft -coated rolls, it is customary to set the 
control system to open the nips already at the occurrence 
of the smallest defects. As a consequence of such an 

30 erroneous or oversensitive response of the automatic web- 
breakage control system, the calender nips are opened/ 
which is an ultimate cause to an actual web break. 
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It is an object of the present invention to overcome the 
problems of the above-described prior art and to provide 
an entirely novel method and assembly suited for opening 
5 the nips of a calender passing a web being calendered at 
the instant a web break or damage is detected. It is a 
further object of the invention to provide an entirely 
novel method for detecting a break in a moving web. 

10 The goal of the invention is achieved by way of measuring 
the tension profile of the web being calendered at 
multiple points over the cross-directional width of. the 
web, whereby a proper processing of the measurement 
signal makes it possible to categorize a detected defect 

15 as an actual web break necessitating the opening of the . 
nips or as a damaged surface area or minor defect of the 
web that may be assumed to pass the calender without 
major problems. The web tension profile may be measured, 
e.g. # by arranging the moving web to pass over an arcuate 

20 tension gauging bar. The tension gauging bar is provided 
with holes communicating with sensors mounted at the 
holes so that the local pressure of the air cushion 
formed between the moving web and the gauging bar can be 
measured. The pressure of the air cushion at a given 

25 point is proportional to the web tension at said point. 
The calender nips are opened when the web tension at a 
preset number of points over "the cross-machine width of 
the web has fallen to a value at which the decision- 
making algorithm monitoring the overall tension profile 

30 of the web interprets the situation as a web break or an 
extensive defect on the web that requires the opening of 
the nips. The web tension may be measured, e.g., in front 
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of the calender, after the calender or between two nips 
thereof . 

More specifically, the method according to the invention 
5 for opening the nips of a calender is characterized by 
what is stated in the characterizing part of claim 1. 

The assembly according to the invention for opening the 
nips of a calender is characterized by what is stated in 
10 the characterizing part of claim 7. 

Furthermore, the method according to the invention for 
detecting breaks in a running web is characterized by 
what is stated in the characterizing part of claim 14 . 

15 

The invention offers significant benefits. 

By way of monitoring the cross-machine tension profile of 
the web being calendered, it is possible to discriminate 

20 web breaks and other major defects from such minor 

defects that can be expected to pass the calender without 
problems in a manner significantly more reliable than 
what can be attained through the use of photocells. By 
the same token, web breaks induced by an incorrect 

25 interpretation of web monitoring signals are reduced, 
thus contributing to a higher availability of the 
calender and reduced amount of broke . In the embodiment 
according to the invention, it is possible to define 
optimally the area of maximum web damage, and the respec- 

30 tive tension profile, that still permits the_ respective 
. portion of the web to be passed through the calender 
without encountering major problems. Moreover, it is 
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possible to detect the damaged portion of the web by 
virtue of the web tension profile measurement before the 
web is passed through the calender, thus giving a highly 
reliable technique of opening the nips before damage is 

5 caused to the soft-coated rolls. As the preset web 

tension monitoring values triggering the opening of the 
nips can be easily changed, the arrangement according to 
the invention is easily applicable to different paper 
grades. Furthermore, the apparatus used for web tension 

10 measurement has a relatively simple construction that can 
be easily adapted to operate in conjunction with an 
existing calender. 

In the following, the invention will be examined in 
15 greater detail by making reference to the appended draw- 
ing representing diagrammatically a two-nip calender. 

Referring to the drawing, the calender construction shown 
therein comprises two nips 9, 10 formed by members 

20 brought into a nip contact, such as rolls and/or the 

shoes of a shoe press. In the embodiment illustrated in 
the drawing, the nip. 9 is formed by rolls 1, 2 and the 
nip 10 is formed by rolls 3, 4. Typically, one of the 
rolls 1-4 forming the nips 9, 10 is a hard-surfaced 

25 thermoroll heated by oil, steam or water, while the other 
roll of the nip is a soft-coated roll. In a conventional 
two-nip calender, the web 5 is passed almost straight 
through the nips 9, 10. As the pressure imposed thereon 
causes the web 5 to increase in width in the first nip 9, 

30 there are conventionally- placed a number of guide and 

spread rolls between the nips 9, 10 so that the web 5 can 
be spread and tensioned. Generally, the" rolls 1-4 of a 
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soft-roll calender are arranged so that the web 5 passing 
the nips 9, 10 can be calendered on both sides, whereby 
the hard- surfaced and the soft-coated roll 1, 2 of the 
first nip 9 are placed in a reversed order in regard to 
5 that of the rolls 3 , 4 of the second nip 10. In the 

drawing, the travel direction of the web 5 is denoted by 
an arrow. 

In the travel direction of the web 5 being calendered, at 
10 a point preceding the first nip 9, there is placed a 

gauging device 6 that measures the cross -machine tension 
profile of the web 5. A similar gauging device 7, 8 is 
also placed at a point between the nip 9 and the next nip 
10, as well as to a point downstream from the nip 10 in 
15 the travel direction of the web 5. Alternatively, the 

gauging device can be located at only one or two of the 
above-mentioned points, whereby the gauging device is 
most advantageously placed upstream from the nips 9, 10 
in regard to the travel direction of the web 5. 

20 

The device 6, 7, 8 measuring the tension profile of the 
web being calendered may be, e.g., an arcuate sensor bar 
incorporating a plurality of holes aligned in a row 
essentially at right angles in regard to the web travel 

25 direction, each one of the holes having a separate 

pressure sensor communicating therewith. The web 5 being 
calendered passes over the sensor bar 6, 7, 8 supported 
by an air cushion that is formed when the boundary air 
layer entrained with the web 5 is compressed between the 

30 sensor bar 6, 7, 8 and the web 5. The cross-machine 

tension profile of the web 5 can be determined by way of 
measuring the local pressure between the running web 5 
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and the arcuate section of the sensor bar 6, 7 , 8 by 
means of the pressure sensors communicating with the 
holes of the sensor bar 6, 7, 8. Obviously, at points 
where the web 5 is broken or the web 5 has a hole, there 
5 cannot be formed any air cushion or, if an air cushion 

exists, its pressure is lower than at an intact point of 
the web 5 . The structure of one such embodiment of" a 
gauging bar 6, 7, 8 is described, e.g., in more detail in 
patent publication US 5,052,233. 

10 

The nips 9, 10 of the calender are opened when the web 
tension measured at a desired number of cross -machine 
points of the web 5 have fallen to a limit value at which 
the decision-making algorithm monitoring the tension 

15 profile of the web 5 interprets the situation to be a web 
break or a so extensively damaged area of the web 5 that 
requires the opening of the nips 9, 10. Herein, a cross- 
machine point of the web 5 must be understood to refer to 
a measurement area monitored by a single sensor or an 

20 area of the cross-machine width of the web 5 defined by 
any other method. When a decision must be made to open 
the nips 9, 10, it is not necessary to detect an almost 
complete break of the web 5, but instead, it is generally 
sufficient to detect a larger defect than that represent- 

25 ed by a minor hole in the web 5 or a ragged edge of the 
web 5 . 

The decision-making algorithm of the above-described 
method can be implemented by way of, e.g., giving the 
30 cross -machine tension of the web 5 a reference value to 

which the tension values sensed by the gauging devices 6, 
7, 8 are compared. The widths of the areas on the web 5 
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at the points, where the measured value of the web ten- 
sion fall below the preset reference value, are summed. 
Next, the summed width of the defective areas over the 
cross-machine width of the web 5 falling short of the 
5 preset reference value is compared to the overall width 
of the web 5, whereby any violation of an adjustably- 
defined preset limit value of damaged area triggers the' 
opening of the nips 9, 10. In other words, the summed 
width of the areas detected in the web 5 falling short of 

10 the preset limit value are herein considered to represent 
the width of the damaged area in the web 5. For instance, 
if the web 5 being calendered breaks entirely, the meas- 
ured tension of the web falls below the preset reference 
value at least essentially over the entire width of the 

15 web 5. Experimental data can be used in the determination 
of the reference value and the limit value representing 
the maximum summed width of the damaged areas to the 
overall width of the web 5 that may be assumed to pass 
the web 5 through the calender without problems. 

20 Generally, there must be determined different reference 
and limit values for each one of the paper grades to be 
produced. Obviously, it is necessary to provide 
" possibilities of changing the settings of the reference 
and limit values when the properties of the paper web 

25 being calendered vary. 

Another technique of setting up the decision-making algo- 
rithm is to compute, e.g., a weighted average of the 
measurement values obtained from the diff erent . points 
30 over the cross -machine width of the web and then to open 
the nips 9, 10 when this value falls below the preset 
reference value. Typically, the weighing factor in the 
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averaging computation is set proportional to the width of 
the measurement point in question. 

The decision-making algorithm may also be designed to 
5 implement the above -described functions in a more intel- 
ligent manner utilizing, e.g., a model based 'on statisti- 
cal analysis that takes into account, e.g., the magnitude 
of the normal variations in the web tension and makes an 
inference on a web break when the tension measurement 
10 values taken on the web 5 fall significantly below those 
expected to be encountered within the random variations 
of normal tension measurement data. 

The method according to the invention for detecting a 
15 break in the web 5 is otherwise similar to the above- 
described method for opening calender nips, except that 
herein an indication of a web break is triggered when in 
the web 5 the summed width of the areas at which the 
measured tension value of the web 5 falls below a preset 
20 reference value becomes at least essentially equal to the 
overall width of the web 5. 

In addition to those described above, the invention may 
have alternative embodiments. 

25 

In spite of the fact that the above arrangement using a 
gauging sensor bar for determining the cross -machine 
tension profile of the web being calendered can be appre- 
ciated as the most preferred embodiment of the invention, 
30 also other kinds of equipment suited for the task can be 
used. One kind of such apparatuses is a tension measure- 
ment roll axially divided in segments having the air- 
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cushion pressure gauging sensors adapted therein. 

As it may be difficult to adapt the web tension measuring 
equipment into the space remaining between the calender 
5 nips in multiroll calenders comprising a plurality of 

nips formed by superposed rolls, the measurement of the 
cross-machine web tension profile must in practice be 
performed either upstream and/or downstream of calender. 

10 After the decision-making algorithm has detected a web 

break or a defective point on the web 5, the web 5 may be 
severed by means of an air- jet cutting device that cuts 
the web with the help of a compressed-air jet. After the 
web has been cut with the help of the compressed-air jet, 

15 the web 5 can be guided away from the nips to prevent the 
web from becoming wound about the calender rolls. In 
practice, the cutting technique based on an air jet is 
much safer than a web-cutting technique implemented with 
cutting knives, for instance. The air- jet cutting 

20 apparatus may be integrated, e.g., in the above -described 
web tension gauging bar. 
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Claims: 

1. Method for opening the nips (9, 10) of a calender 
comprising at least two elements (1, 2; 3, 4) 

5 brought to a nip contact with each other, especially 

for performing the nip opening at a break or damage 
occurring in the web (5) being calendered, in which 
method the tension of the web (5) being calendered 
is measured at multiple points over the cross- 
10 machine width of the web (5), character- 

ized in that the calender nips (9, 10) are 
opened. when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 
15 decision-making algorithm monitoring the tension 

profile of the web (5) is interpreted to indicate a 
web break situation or other damage on the web (5) 
requiring opening the nips (9, 10) . 

2. Method according to claim 1, character- 
ized in that 



- a reference value is set for the tension of the 
web (5) measured at a point over the cross- 

5 machine width of the web, 

- said measured tension value of. the web (5) is 
compared with said reference value, and 



- the calender nips. (9, 10) are opened when the 
ratio of the areas, at which the measured 
tension values of the web (5) fall below a 
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preset reference value, as summed over the 
cross-machine width of the web (5) , to the 
overall width of the web (5) exceeds a preset 
limit value. 

Method according to claim 1, character- 
ized in that 

- a preset reference value is set for the tension 
of the web (5) measured at a point over the 
cross-machine width of the web, 

- a weighted average is computed from said meas- 
ured tension values of the web (5) obtained from 
different points over the width of the web, and 

- the calender nips (9, 10) are opened when said 
weighted average of the web tension values falls 
below the preset reference value. 

Method according to claim 3, character- 
ized in that the width of the detected area is - 
used as the weighing factor of said weighted 
average . 

Method according to any one of foregoing claims, 
characterized in that the tension of 
the web (5) being calendered is measured indirectly 
by way of measuring the pressure of an air cushion 
formed between the moving web (5) and a gauging bar, 
which is located in a close proximity to said web 
(5) and has an at least partially arcuate shape in 
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the travel direction of said web (5) , whereby the 
measured pressure of said air cushion is propor- 
tional to the tension of said web (5) . 



5 6. Method according to any one of foregoing claims, 

characterized in that the web (5) being 
calendered is severed with the help of an air- jet 
cutting device when a decision-making algorithm 
monitoring the tension profile of said web (5) 
10 interprets the detected situation to be caused by a 

web break or other damaged area of the web (5) that 
necessitates the opening of the nips (9, 10) . 

7. Assembly for opening calender nips (9, 10), partic- 
15 ularly at the occurrence of a break or damage in a 

web (5) being calendered, said assembly comprising 

- at least two members (1, 2; 3, 4) adapted to 
cooperate in a nip contact so as to pass there - 

20 between the web (5) being calendered, and 

- a gauging device (6, 7, 8) for measuring the 
tension of the web (5) being calendered at 
multiple points along the cross-machine width of" 

25 the web (5) , 

characterized in that the calender nips 
(9, 10 are adapted openable when the web tension 
measured at a preset number of cross -machine points 
30 of the web (5) has fallen to a value at which a 

dec is ion -making algorithm monitoring the tension 
profile of the web (5) interprets the detected 
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situation to be caused by a web break or other 
damaged area of the web (5) that necessitates the 
opening of the nips (9, 10) . 

8. Assembly according to claim 7, character- 
ized in that said gauging device (6, 7) is 
located at a point preceding said calender nip (9, 
10) upstream in regard to the travel direction of 
the web (5) . 

9. Assembly according to claim 7 or 8, charac- 
terized in that said gauging device (8) is 
located at a point after said calender nip (9, 10) 
downstream in regard to the travel direction of the 
web (5) . 

10. Assembly according to any one of claims 7-9, 
characterized in that said gauging 
device (6, 7, 8) is a gauging bar shaped to have an 
at least partially arcuate surface in the travel 
direction of said web (5) and has pressure sensors 
adapted to holes made thereon. 

11. Assembly according to any one of foregoing claims, 
characterized in that one of the 
members (1, 2; 3, 4) forming said calender nip (9, 
10) is metal -surfaced roll and the other one is 
soft-coated roll . 

12. Assembly according to any one of foregoing claims, 
characteri zed by an air- jet cutting 
device adapted to perform the severing of said web 
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(5) being calendered at the instant the decision- 
making algorithm monitoring interprets the situation 
to be a web break or a so extensively damaged area 
of the web (5) that requires the opening of the nips 
5 (9, 10) . 

13. Assembly according to claim 12, character- 
ized in that said air- jet cutting device is 
integrated with said web tension gauging bar. 

10 

14 . Method for detecting a break or damage occurring in 
a web (5) being calendered, in which method the 
machine-direction tension of the web (5) being 
calendered is measured at multiple points over the 

15 cross-machine width of the web (5) , charac- 

terized in that a break or damage of the web 
(5) is indicated when the measured web tension at a 
preset number of points over the cross -machine width 
of the web (5) has fallen to a limit value that by a 

20 decision-making algorithm monitoring the tension 

profile of the web (5) is interpreted to indicate a 
web break situation or other damage on the web (5) 
requiring opening the nips (9, 10) . 
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29 October 2001 

VIITTEEMME: 
OUR REFERENCE: 

(8 pages) VAL 227 PCT 



VIITTEENNE: VIITTEEMME: 

your reference: TELEFAX AND MAIL OUR REFERENCE: 



INTERNATIONAL PATENT APPLICATION NO. PCT/FI00/00817, 
in the name of METSO PAPER, Inc. et al 



Dear Sirs, 



Referring to the written opinion of 29 August 2001 we respectfully submit the 
following: 



Amendments: 

We enclose new pages 12 to 16, which replace pages 12 to 16 presently on file. 

New independent claims 1, 7 and 14 replace the original corresponding independent 
claims. 

New claim 1 differs from the original claim in that the feature "web breaking situation" 
has been removed and the feature "the decision to open the nips is made before a 
complete break of the web (5) occurs" has been added to the characterizing part of the 
claim. 
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New claim 7 differs from the original claim in that the feature 'Sveb breaking situation" 
has been removed and the feature ct the decision to open the nips is made before a 
complete break of the web (5) occurs" has been added to the characterizing part of the 
claim. 

New claim 14 differs from the original claim in that the feature <c web breaking situation" 
has been removed from the characterizing part and the feature "the indication is made 
before a complete break of the web (5) occurs" has been added to the characterizing part 
of the claim. 

The amendments of the claims are based on the subject matter on page 8 in lines 1 1 to 26 of 
the description. 

No new material has been added. 



Patentability: 

The invention defined in the new claims relates to a web monitoring system in which the 
web tension is monitored and the calender nips are opened when the measured web 
tension at a preset number of points over the cross-machine width of the web has fallen 
to a limit value that by a decision-making algorithm monitoring the tension profile of the 
web is interpreted to indicate a damage on the web requiring opening the nips. In the 
invention the decision to open the nips is made before a complete break of the web takes 
place. 

With the help of the invention the size of a damaged web area, which can be passed 
through the calender without significant problems, can be optimised. Therefore it is not 
necessary open the calender nips when minor damage on the web is detected or to wait 
until a complete web break takes place, whereby the availability of the calender 
increases and the possibility that the soft rolls of the calender are damaged decreases. 

Cited document Dl, DE 29902451, discloses a calender provided with a device which 
detects web breaks. The nip of the calender is opened when the web break is detected. The 
document suggests that any device can be used for detecting the web break and mentions 
optical and electromagnetic sensors as examples. The cited document D2, US 5052233, 
discloses a web tension measuring device which also indicates web breaks. 

D2 teaches measuring the web tension in multiple positions. However this document 
does not refer to the use of the method for indicating loss of the web tension over a 
limited area across the web. According to D2 the apparatus and method can be used for 
indicating web breaks but the use for indicating partial damages of the web is not 
described. Since the indicating partial damages has almost solely use in calendering, this 
publication alone does not provide sufficient information for ending up to the invention. 
The Dl describes indicating breaks in the web before a calender. The break indicator is 
not described and partial damages are not mentioned. Therefore it would have been 
impossible to realise on the bases of teachings of Dl and D2 the importance of 
indicating the partial damages. Even more, after realising that, a solution to the problem 
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should have been accomplished. That solution, using the ability of the device of D2 to 
measure web tension in multiple places for indicating loss of web tension i.e. web 
damage over a limited area, can not be deducted from the teachings of the cited 
documents. Therefore the invention described in the amended claims is not obvious over 
the cited art and includes inventive step. 

Yours faithfully, 
Seppo Laine Oy 



Jyrki Nissinen 



new pages 12-16 
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Claims: 



1. Method for opening the nips (9, 10) of a calender 
comprising at least two elements (1, 2; 3, 4) 
brought to a nip contact with each other, especially 
for performing the nip opening at a break or damage 
occurring in the web (5) being calendered, in which 
method the tension of the web (5) being calendered 
is measured at multiple points over the cross - 
machine width of the web (5), character- 
ized in that the calender nips (9, 10) are 
opened when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 
decision-making algorithm monitoring the tension 
profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9, 
10) , the decision to open the nips is made before a 
complete break of the web (5) occurs. 

2. Method according to claim 1, character- 
ized in that 



- a reference value is set for the tension of the 
web (5) measured at a point over the cross - 
machine width of the web, 



- said measured tension value of the web (5) is 
compared with said reference value, and 



- the calender nips (9, 10) are opened when the 
ratio of the areas, at which the measured 
tension values of the web (5) fall below a 
preset reference value, as summed over the 
cross-machine width of the web (5) , to the 
overall width of the web (5) exceeds a preset 
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limit value. 

Method according to claim 1, character- 
ized in that 

- a preset reference value is set for the tension 
of the web (5) measured at a point over the 
cross -machine width of the web, 

- a weighted average is computed from said meas- 
ured tension values of the web (5) obtained from 
different points over the width of the web, and 

- the calender nips (9, 10) are opened when said 
weighted average of the web tension values falls 
below the preset reference value. 

Method according to claim 3 , character- 
ized in that the width of the detected area is 
used as the weighing factor of said weighted 
average . 

Method according to any one of foregoing claims, 
characterized in that the tension of 
the web (5) being calendered is measured indirectly 
by way of measuring the pressure of an air cushion 
formed between the moving web (5) and a gauging bar, 
which is located in a close proximity to said web 
(5) and has an at least partially arcuate shape in 
the travel direction of said web (5) , whereby the 
measured pressure of said air cushion is propor- 
tional to the tension of said web (5) . 

Method according to any one of foregoing claims, 
characterized in that the web (5) being 
calendered is severed with the help of an air- jet 
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cutting device when a decision-making algorithm 
monitoring the tension profile of said web (5) 
interprets the detected situation to be caused by a 
web break or other damaged area of the web (5) that 
necessitates the opening of the nips (9, 10) . 

Assembly for opening calender nips (9, 10), partic- 
ularly at the occurrence of a break or damage in a 
web (5) being calendered, said assembly comprising 

- at least two members (1, 2; 3, 4) adapted to 
cooperate in a nip contact so as to pass there- 
between the web (5) being calendered, and 

- a gauging device (6, 7, 8) for measuring the 
tension of the web (5) being calendered at 
multiple points along the cross-machine width of 
the web (5) , 

characterized in that the calender nips 
(9, 10) are adapted openable when the web tension 
measured at a preset number of cross -machine points 
of the web (5) has fallen to a value at which a 
decision-making algorithm monitoring the tension 
profile of the web (5) interprets the detected 
situation to be caused by damaged area of the web 
(5) that necessitates the opening of the nips (9, 
10) , the decision to open the nips is made before a 
complete break of the web (5) occurs. 

Assembly according to claim 7, character- 
ized in that said gauging device (6, 7) is 
located at a point preceding said calender nip (9, 
10) upstream in regard to the travel direction of 
the web (5) . 



15 



9. Assembly according to claim 7 or 8, charac- 
terized in that said gauging device (8) is 
located at a point after said calender nip (9, 10) 
downstream in regard to the travel direction of the 
5 web (5) . 



10. Assembly according to any one of claims 7-9 , 
characterized in that said gauging 
device (6, 7, 8) is a gauging bar shaped to have an 

10 at least partially arcuate surface in the travel 

direction of said web. (5) and has pressure sensors 
adapted to holes made thereon. 

11. Assembly according to any one of foregoing claims, 
15 characterized in that one of the 

members (1, 2; 3, 4) forming said calender nip (9, 
10) is metal -surfaced roll and the other one is 
soft-coated roll. 



20 12. Assembly according to any one of foregoing claims, 
characterized by an air- jet cutting 
device adapted to perform the severing of said web 
(5) being calendered at the instant the decision- 
making algorithm monitoring interprets the situation 

25 to be a web break or a so extensively damaged area 

of the web (5) that requires the opening of the nips 
(9, 10) . 

13. Assembly according to claim 12, character- 
30 i z e d in that said air-jet cutting device is 

integrated with said web tension gauging bar. 

14 . Method for detecting a break or damage occurring in 
a web (5) being calendered, in which method the 
35 machine -direction tension of the web (5) being 

calendered is measured at multiple points over the 
cross -machine width of the web (5), charac- 
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terized in that a damage of the web (5) is 
indicated when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 
decision-making algorithm monitoring the tension 
profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9 # 
10) , the indication is made before a complete break 
of the web (5) occurs. 
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Claims : 



1. Method for opening the nips (9, 10) of a calender 
comprising at least two elements (1, 2; 3, 4) 
brought to a nip contact with each other, especially 
for performing the nip opening at a break or damage 
occurring in the web (5) being calendered, in which 
method the tension of the web (5) being calendered 
is measured at multiple points over the cross- 
machine width of the web (5), character- 
ized in that the calender nips (9, 10) are 
opened when the measured web tension at a preset 
number of points over the cross-machine width of the 
web (5) has fallen to a limit value that by a 
decision-making algorithm monitoring the tension 
profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9, 
10), the decision to open the nips is made before a 
complete break of the web (5) occurs. 

2. Method according to claim 1, character- 
ized in that 

- a reference value is set for the tension of the 
web (5) measured at a point over the cross - 
machine width of the web, 

- said measured tension value of the web (5) is 
compared with said reference value, and 

- the calender nips (9, 10) are opened when the 
ratio of the areas, at which the measured 
tension values of the web (5) fall below a 
preset reference value, as summed over the 
cross -machine width of the web (5) , to the 
overall width of the web (5) exceeds a preset 
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limit value. 



10 



15 



20 



25 



30 



3. Method according to claim 1, character- 
ized in that 

- a preset reference value is set for the tension 
of the web (5) measured at a point over the 
cross -machine width of the web, 

- a weighted average is computed from said meas- 
ured tension values of the web (5) obtained from 
different points over the width of the web, and 

- the calender nips (9, 10) are opened when said 
weighted average of the web tension values falls 
below the preset reference value. 

4. Method according to claim 3, character- 
ized in that the width of the detected area is 
used as the weighing factor of said weighted 
average . 

5. Method according to any one of foregoing claims, 
characterized in that the tension of 
the web (5) being calendered is measured indirectly 
by way of measuring the pressure of an air cushion 
formed between the moving web (5) and a gauging bar, 
which is located in a close proximity to said web 
(5) and has an at least partially arcuate shape in 
the travel direction of said web (5) , whereby the 
measured pressure of said air cushion is propor- 
tional to the tension of said web (5) . 

5. Method according to any one of foregoing claims, 

characterized in that the web (5) being 
calendered is severed with the help of an air- jet 
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cutting device when a decision-making algorithm 
monitoring the tension profile of said web (5) 
interprets the detected situation to be caused by a 
web break or other damaged area of the web (5) that 
necessitates the opening of the nips (9, 10) . 

Assembly for opening calender nips (9, 10) , partic- 
ularly at the occurrence of a break or damage in a 
web (5) being calendered, said assembly comprising 

- at least two members (1, 2; 3, 4) adapted to 
cooperate in a nip contact so as to pass there- 
between the web (5) being calendered, and 

- a gauging device (6, 7, 8) for measuring the 
tension of the web (5) being calendered at 
multiple points along the cross -machine width of 
the web (5) , 

characterized in that the calender nips 
(9, 10) are adapted openable when the web tension 
measured at a preset number of cross -machine points 
of the web (5) has fallen to a value at which a 
decision-making algorithm monitoring the tension 
profile of the web (5) interprets the detected 
situation to be caused by damaged area of the web 
(5) that necessitates the opening of the nips (9, 
10) , the decision to open the nips is made before a 
complete break of the web (5) occurs. 

Assembly according to claim 7, character- 
ized in that said gauging device (6, 7) is 
located at a point preceding said calender nip (9, 
10) upstream in regard to the travel direction of 
the web (5) . 
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Assembly according to claim 7 or 8, charac- 
terized in that said gauging device (8) is 
located at a point after said calender nip (9, 10) 
downstream in regard to the travel direction of the 
web (5) . 

Assembly according to any one of claims 7-9, 
characterized in that said gauging 
device (6, 7, 8) is a gauging bar shaped to have an 
at least partially arcuate surface in the travel 
direction of said web (5) and has pressure sensors 
adapted to holes made thereon. 

Assembly according to any one of foregoing claims, 
characterized in that one of the 
members (1, 2; 3, 4) forming said calender nip (9, 
10) is metal-surfaced roll and the other one is 
soft-coated roll.. 

Assembly according to any one of foregoing claims, 
characterized by an air- jet cutting 
device adapted to perform the severing of said web 
(5) being calendered at the instant the decision- 
making algorithm monitoring interprets the situation 
to be a web break or a so extensively damaged area 
of the web (5) that requires the opening of the nips 
(9, 10) . 

Assembly according to claim 12, character- 
ized in that said air-jet cutting device is 
integrated with said web tension gauging bar. 

Method for detecting a break or damage occurring in 
a web (5) being calendered, in which method the 
machine -direction tension of the web (5) being 
calendered is measured at multiple points over the 
cross-machine width of the web (5) , c h a r a c - 
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terized in that a damage of the web (5) is 
indicated when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 
decision-making algorithm monitoring the tension 
profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9, 
10) , the indication is made before a complete break 
of the web (5) occurs. 
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1 

Menetelma ja sovitelma kalanterin nippien avaamiseksi 

Taman keksinnon kohteina ovat patenttivaatimuksen 1 johdan- 
non mukainen menetelma ja patenttivaatimuksen 7 johdannon 
5 mukainen sovitelma kalanterin nippien avaamiseksi erityi- 

sesti kalanteroitavan rainan katketessa. Keksinnon kohteena 
on myos patenttivaatimuksen 14 johdannon mukainen menetelma 
liikkuvan rainan ratakatkon havaitsemiseksi . 



10 Paperi- tai kartonkirainan pintaa tasoitetaan ja kiillote- 
taan kalanterissa, jossa on paallekkain kalanterin runkoon 
kiinnitettyja teloja, jotka ovat nippikosketuksessa keske- 
naan. Monitelakalanterissa on yla- ja alatela seka ainakin 
yksi naiden valiin sijoitettu valitela. Telaryhma puriste- 

15 taan kokoon kuormitusteloina toimi villa yla- ja alateloilla 
riittavan nippikuorman aikaansaamiseksi . Kalanteroitava 
raina kulkee paallekkaisten telojen muodostamien kalante- 
rinippien lapi. Sof t-kalanterissa on tyypillisesti kaksi 
tai nelja nippia, jotka on sijoitettu perakkain eri runko- 

20 osiin, jolloin kalanteroitava raina kulkee nippien valissa 
yleensa suoraviivaisesti . Perinteisessa kaksinippisessa 
sof t -kalanterissa raina kalanteroidaan kerran molemmilta 
puolilta . 

25 Osa kalantereiden teloista on lammitettavia , kovapintaisia 
termoteloja ja osa pehmealla pinnoitteella varustettuja te- 
loja. Esimerkiksi sof t -kalanterissa nipin muodostavan tela- 
parin teloista toinen on "yleensa metallipintainen termotela 
ja toinen pehmealla pinnoitteella varustettu tela. Termote- 

30 laa lammitetaan yleensa oljylla tai muulla sopivalla 1am- 
monsiirtoaineella, kuten vedella tai hoyrylla. Kun lammit- 
tamisessa kaytetaan oljya, voidaan paasta jopa lahes 300 
°C:n lampotilaan saakka . Tyypillisesti termotelan lampotila 
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on kuitenkin noin 200 °C. Lammonsiirtoaineen kierto telassa 
voidaan jarjestaa monin tavoin. Yleisimmin lammonsiirtoaine 
syotetaan telalle ja telalta vain toisen paadyn kautta, 
jolloin se ensin kulkee vaipan paatyyn ja palaa rinnakkais- 
5 ta reittia pitkin takaisin. Paluuvirta johdetaan paatylai- 
pan ja akselissa olevan reian kautta takaisin lammitetta- 
vaksi . 

Pehmealla pinnoitteella varustettuj en telojen materiaalin- 
10 valinnassa on otettava huomioon mahdollisesti lahella ole- 
van termotelan aiheuttama lammonnousu. Pehmeapintaisten te- 
lojen pinnoitteet on valmistettu nippiolosuhteet kestavasta 
materiaalista, kuten nykyisin yleisesti kaytettavasta poly- 
meerista, esimerkiksi kesto- tai kertamuovista . Kestomuo- 
15 villa pinnoitettuja teloja on kuvattu mm. julkaisussa 

GB 1 Oil 114 ja kertamuovilla pinnoitettuja teloja mm. jul- 
kaisussa EP 321 561. Aiemmin pehmeapintaisten telojen pin- 
noitteet olivat yleensa luonnonkuiduista valmistettuj a ma- 
teriaaleja, joita on kuvattu mm. julkaisussa US 4 283 821. 

20 

Toisinaan kalanteroitava raina katkeaa kalanteroitaessa, 
ennen kalanterointia tai kalanteroinnin jalkeen, jolloin 
kalanterin nipit on avattava mahdollisimman nopeasti rata- 
katkon tapahduttua. Erityisen tarkeaa nippien avaaminen on 

25 kalantereissa, joissa on pehmealla pinnoitteella varustet- 
tuj a teloja. Nippien ollessa suljettuna termotelat alkavat 
ratakatkon tapahduttua kuumentaa pehmealla pinnoitteella 
varustettuja teloja, koska paperiraina ei enaa kuljeta ter- 
moteloista tulevaa lampoa nipeista pois. Talloin pehmeapin- 

30 taiset telat saattavat kuumeta liikaa ja vahingoittua . Ny- 
kyaikaisissa kalantereissa , joissa ajonopeudet ovat suuria, 
ovat myos termoteloilla nippeihin tuotavat lampomaarat suu- 
ria, minka takia nippi on avattava erittain nopeasti, jopa 



F I 0 0 / 0 0 8 1 7 



sekunnin kymmenesosissa, jos ratakatko tapahtuu juuri ennen 
nippia . 

Pehmeapintaisten telojen vahingoittumisen estamiseksi ka- 
lanterit varustetaan ratakatkoautomatiikalla, joka avaa ka- 
lanterin nipit valittomasti ratakatkon tapahduttua. Rata- 
katko j a tutkitaan yleensa rainan poikkisuuntaan asetettujen 
valokennojen avulla. Koska mahdollinen ratakatko on havait- 
tava nopeasti, ei valokennoilta tulevaa signaalia pystyta 
suodattamaan riittavasti. Talloin rainassa oleva pieni vir- 
he, kuten reika, saatetaan tulkita ratakatkoksi , vaikka to- 
dellisuudessa vahingoittunut rainan kohta menisi kalanterin 
lapi ilman ongelmia. Pehmeapintaisten telojen korkean hin- 
nan takia nipit asetetaan yleensa avautumaan pientenkin 
virheiden takia. Virheellisen tulkinnan tai liian herkaksi 
asetetun ratakatkoautomatiikan seurauksena on kalanterin 
nippien avautuminen, jolloin kalanteroitava raina vasta to- 
dellisuudessa katkeaa . 



Taman keksinnon tarkoituksena on poistaa edella kuvatun 
tekniikan puutteellisuudet ja saada aikaan aivan uudenlai- 
nen menetelma ja sovitelma, joilla kalanteroitavan rainan 
nipit avataan kalanteroitavan rainan katketessa tai vahin- 
goittuessa. Lisaksi keksinnon tarkoituksena on aikaansaada 
aivan uudenlainen menetelma liikkuvan rainan ratakatkon ha- 
vaitsemiseksi . 



Keksinto perustuu siiheri; 'etta mitataan kalanteroitavan 
rainan kireysprof iilia useasta rainan poikittaissuuntaises- 
ta kohdasta, jolloin sopivan mittaussignaalin kasittelyn 
avulla voidaan paatella onko kyseessa todellinen, nippien 
avaamista vaativa ratakatko tai vahingoittunut rainan kohta 
vai pienempi vika, jonka pitaisi menna kalanterista lapi 
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ilman suuria ongelmia. Rainan kireysprof iilia voidaan mita- 
ta esimerkiksi siten, etta ohjataan liikkuva raina kulke- 
maan kaarevan kireydenmittauslistan paalta. Kireydenmitta- 
uslistassa on reikia, joihin on asetettu listan yli liikku- 
5 van rainan ja listan valiin muodostuvan ilmatyynyn paikal- 
lista painetta mittaavia antureita. Ilmatyynyn paine on 
suoraan verrannol linen rainan kireyteen kyseisessa kohdas- 
sa. Kalanterin nipit avataan, kun halutussa maarassa rainan 
poikittaissuuntaisia kohtia mitattu kireys on laskenut ar- 
10 voon, jossa rainan kireysprof iilia tarkkaileva paattelyal- 
goritmi tulkitsee tilanteen, ratakatkoksi tai nippien avaa- 
mista vaativaksi vahingoittuneeksi rainan kohdaksi . Rainan 
kireytta voidaan mitata esimerkiksi ennen kalanteria, ka- 
lanterin jalkeen tai kahden nipin valilla. 

15 

Tasmallisemmin sanottuna keksinnon mukaiselle menetelmalle 
kalanterin nippien avaamiseksi on tunnusomaista se, mika on 
esitetty patentt ivaatimuksen 1 tunnusmerkkiosassa . 

2 0 Keksinnon mukaiselle sovitelmalle kalanterin nippien avaa- 
miseksi on tunnusomaista se, mika on esitetty patenttivaa- 
timuksen 7 tunnusmerkkiosassa. 

Keksinnon mukaiselle menetelmalle liikkuvan rainan ratakat- 
2 5 kojen havaitsemiseksi puolestaan on tunnusomaista se, mika 
on esitetty patenttivaatimuksen 14 tunnusmerkkiosassa. 

Keksinnon avulla saavutetaan Iiubmattavia etuja. 

30 Kalanteroitavan rainan poikittaissuuntaista kireysprof iilia 
mittaamalla voidaan ratakatkot ja rainan suuremmat viat 
erottaa huomattavasti valokennojen kayttoon perustuvaa mit- 
tausta luotettavammin sellaisista vioista, joiden pitaisi 
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menna kalanterista lapi ilman ongelmia. Samalla mittaustu- 
losten vaaran tulkinnan aiheuttamat ratakatkot vahenevat , 
mika parantaa kalanterin kaytettavyytta ja vahentaa hukkaan 
menevan tuotannon maaraa . Keksinnon mukaisessa ratkaisussa 
5 voidaan optimoida rainassa olevan vahingoittuneen alueen 

koko ja tata vastaava kireysprof iili , jolla kalanteroitava 
raina voidaan viela ajaa kalanterin lapi ilman suuria vai- 
keuksia. Lisaksi vahingoittunut rainan kohta voidaan havai- 
ta kireysprof iilia mittaamalla jo ennen sen saapumista ka- 

10 lanterille, jolloin nipit ehditaan varmemmin avata ennen 

kuin pehmeapintaiset telat vahingoittuvat . Keksinnon mukai- 
nen ratkaisu on helposti sovitettavissa eri paperilaaduil - 
le, koska arvoja, joissa kalanterin nipit avataan, voidaan 
helposti muuttaa. Kireysprof iilia mittaava laitteisto on 

15 myos rakenteeltaan melko yksinkertainen ja helposti asen- 
nettavissa kalanterin yhteyteen. 

Keksintoa kuvataan seuraavassa tarkemmin viittaamalla ohei- 
seen piirustukseen, joka esittaa kaaviollisesti kaksinip- 
20 pista kalanteria. 

Piirustuksen mukainen kalanteri kasittaa kaksi nippia 9, 

» 

10, jotka muodostuvat nippikosketukseen sovitetuista eli- 
mista, kuten teloista ja/tai kenkakalanterin kengista. Pii- 

2 5 rustuksen sovellusmuodossa nipin 9 muodostavat telat 1, 2 
ja nipin 10 telat 3, 4. Tyypillisest i toinen nipin 9, 10 
muodostavista teloista 1-4 on kovapintainen, oljylla, hoy- 
rylla tai vedella 1 ammi t etftava termotela ja toinen pehmeal- 
la pinnoitteella varustettu tela. Perinteisessa kaksinippi- 

30 sessa kalanterissa raina 5 pidetaan nippien 9, 10 valissa 

lahes suorana . Rainan 5 leveys kasvaa siihen kohdistettavan 
puristuksen vaikutuksesta ensimmaisessa nipissa 9, minka 
takia nippien 9, 10 valiin on tavallisesti sijoitettu ohja- 
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us- ja levitysteloj a, joilla rainaa 5 levitetaan ja kiris- 
tetaan. Yleensa sof t -kalanterin telat 1-4 on jarjestetty 
siten, etta nippien 9, 10 lapi kulkeva raina 5 kalanteroi- 
daan molemmilta puoliltaan, jolloin ensimmaisen nipin 9 ko- 
va- ja pehmeapintainen tela 1, 2 ovat eri j ar j estyksessa 
kuin toisen nipin 10 telat 3, 4. Rainan 5 kulkusuunta on 
merkitty piirustukseen nuolella, 

Kalanteroitavan rainan 5 kulkusuunnassa ennen ensimmaista 
nippia 9 olevaan kohtaan on sijoitettu rainan 5 poikittais- 
suuntaista kireytta mittaava laite 6. Vastaavanlainen laite 
7, 8 on sijoitettu myos nipin 9 ja nipin 10 valiseen koh- 
taan seka rainan 5 kulkusuunnassa nipin 10 jalkeiseen koh- 
taan. Mittalaite voidaan myos sijoittaa ainoastaan yhteen 
tai kahteen edella kuvatuista paikoista, edullisesti mitta- 
laite on kuitenkin sijoitettu rainan 5 kulkusuunnassa ennen 
nippeja 9, 10. 

Kalanteroitavan rainan kireysprof iilia mittaava laite 6, 7, 
8 voi olla esimerkiksi kaareva mittalista, jossa on rivissa 
oleellisesti poikittain rainan 5 kulkusuuntaan nahden si- 
joitettuja aukkoja, joihin kuhunkin on sijoitettu painean- 
turi . Kalanteroitava raina 5 kulkee mittauslistan 6, 1, 8 
yli ilmatyynyn varassa, joka muodostuu, kun rainan 5 muka- 
naan kuljettama ilma puristuu mittauslistan 6, 1, 8 ja rai- 
nan 5 valiin. Rainan 5 poikittaissuuntainen kireysprof iili 
voidaan maarittaa mittaamalla rainan 5 ja mittalistan 6, 1, 
8 kaarevan osan valissa olevan ilmatyynyn paikallista pai- 
netta mittalistan 6, 7, 8 aukkoihin si joitetuilla painean- 
tureilla. Kohdissa, joissa raina 5 on poikki tai rainassa 5 
on reika, ei luonnollisesti myoskaan muodostu ilmatyynya 
tai ilmatyynyn paine on pienempi kuin ehjassa kohtaa rainaa 
5. Yhden tallaisen mittauslistan 6, 7, 8 rakennetta on ku- 
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vattu tarkemmin esimerkiksi patentti julkaisussa US 5 052 
233 . 

Kalanterin nipit 9, 10 avataan, kun halutussa maarassa rai- 
nan 5 poikittaissuuntaisia kohtia mitattu kireys on laske- 
nut arvoon, jossa rainan 5 kireysprof iilia tarkkaileva 
paattelyalgoritmi tulkitsee tilanteen ratakatkoksi tai nip- 
pien 9, 10 avaamista vaativaksi vahingoittuneeksi rainan 5 
kohdaksi. Rainan 5 poikittaissuuntaisella kohdalla tarkoi- 
tetaan esimerkiksi yksittaisen mittauselimen mittausaluetta 
tai muuten rajattua osaa rainan 5 leveydesta. Nippien 9, 10 
avaustarpeen paattelyssa ei kannata odottaa, etta lahes ko- 
ko raina 5 nayttaa olevan poikki, vaan yleensa riittaa, et- 
ta niin iso alue nayttaa olevan vahingoittunut , ettei ha- 
vaintoa saa aikaan rainassa 5 oleva pieni reika tai rikki- 
nainen rainan 5 reuna. 

Edella kuvatun menetelman paattelyalgoritmi voidaan esimer- 
kiksi muodostaa siten, etta rainan 5 poikittaissuuntaiselle 
kireydelle annetaan haluttu vertailuarvo , johon mittalait- 
teella 6, 1, 8 mitattua kireysarvoa verrataan. Rainan 5 
niiden kohtien leveydet, joiden mitattu kireysarvo alittaa 
annetun vertailuarvon, lasketaan yhteen. Taman jalkeen ki- 
reyden vertailuarvon alittavien rainan 5 kohtien yhteenlas- 
kettua leveytta verrataan koko rainan 5 leveyteen, jolloin 
naiden suhteen ylittaessa halutun, muutettavissa olevan ra- 
ja-arvon, kalanterin nipit 9, 10 avataan. Vertailuarvon 
alittavien rainan 5 kohtien yhteenlaskettu leveys on ver- 
rannollinen rainan 5 vahingoittuneen kohdan leveyteen. Esi- 
merkiksi kalanteroitavan rainan 5 ollessa kokonaan poikki, 
mitattu kireysarvo on pienempi kuin vertailuarvo ainakin 
likimain koko rainan 5 leveydella. Vertailuarvo ja raja- 
arvo eli vahingoittuneiden kohtien yhteenlasketun leveyden 
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suhde rainan 5 kokonaisleveyteen, jolla raina 5 viela menee 
kalanterista lapi ilman ongelmia, voidaan maarittaa esimer- 
kiksi kokemusperaisesti . Kullakin paperilaadulla on yleensa 
kaytettava omia vertailu- ja raja-arvoja. Vertailu- ja ra- 
5 ja-arvojen asetusta voidaan luonnollisest i muuttaa esimer- 
kiksi kalanteroitavan paperin ominaisuuksien vaihtuessa. 

Toinen tapa muodostaa paattelyalgoritmi on laskea erillis- 
ten kireyden mittauskohtien mittausarvoista esimerkiksi 
10 painotettu keskiarvo, ja avataan kalanterin nipit 9, 10, 
kun tama arvo alittaa annetun vertailuarvon. Painokerroin 
on tyypillisesti verrannol linen kyseisen mittauskohdan le- 
veyteen. 

15 Paattelyalgoritmi voidaan myos toteuttaa edella kuvattuja 
tapoja alykkaammin, esimerkiksi tilastolliseen kasittelyyn 
perustuvan mallin avulla, joka esimerkiksi huomio normaali- 
en kireysvaihteluiden suuruuden ja paattelee ratakatkon sen 
perusteella, etta rainan 5 kireydet putoavat merkittavasti 

2 0 enemman kuin normaalin kireysmittauksen satunnaiseen vaih- 
teluun verraten on todennakoista . 



Keksinnon mukainen menetelma liikkuvan rainan 5 ratakatkon 
havaitsemiseksi on muuten vastaava kuin edella kuvattu me- 
25 netelma kalanterin nippien avaamiseksi, mutta siina ilmoi- 
tetaan ratakatkosta , kun rainan 5 niiden kohtien yhteenlas- 
kettu leveys, joissa rainan 5 mitattu kireysarvo alittaa 
annetun vertailuarvon, on'ainakin likimain yhtasuuri kuin 
koko rainan 5 leveys. 

30 

Keksinnolla on myos edella esitetysta poikkeavia sovellus- 
muotoja . 
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Vaikka edella esitettya kireydenmittauslistan avulla tapah- 
tuvaa kalanteroitavan rainan poikittaissuuntaisen kireys- 
profiilin maarittamiseen perustuvaa ratkaisua voidaan pitaa 
keksinnon edullisimpana suoritusmuotona, voidaan rainan ki- 
5 reysprofiili maarittaa myos muilla tarkoitukseen soveltu- 
villa laitteilla. Yksi tallainen on kireydenmittaustela, 
joka on jaettu segmentteihin, joihin rainan ja telan valil- 
la olevan ilmatyynyn painetta mittaavat anturit on sijoi- 
tettu. 

10 

Monitelakalantereissa, joissa on paallekkaisten telojen 
muodostamia nippeja, rainan kireysprof iilin mittalaitetta 
on vaikea sovittaa kalanterin nippien valiin, minka takia 
kalanteroitavan rainan poikittaissuuntaisen kireysprof iilin 
15 mittaus on suoritettava ennen kalanteria ja/tai sen jal- 
keen . 

Paattelyalgoritmin havaittua ratakatkon tai nippien avaa- 
mista vaativan vahingoittuneen rainan 5 kohdan, voidaan 

2 0 rainan 5 katkaisuun kayttaa ilmakatkaisulaitetta, joka kat- 
kaisee rainan 5 paineilmasuihkun avulla. Ilmakatkaisun 
avulla katkaistu raina 5 voidaan ohjata nipeista poispain, 
jolloin se ei kietoudu telojen ymparille. Lisaksi ilmakat- 
kaisu on huomattavast i turvallisempi kuin esimerkiksi leik- 

25 kaavilla terilla tapahtuva katkaisu. Ilmakatkaisulaite voi- 
daan esimerkiksi integroida edella kuvattuun kireydenmitta- 
uslistaan. 
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Patenttivaatimukset : 

1. Menetelma sellaisen kalanterin nippien (9, 10) avaami- 
seksi, joka kasittaa ainakin kaksi nippikosketukseen so- 
vitettua elinta (1, 2; 3, 4), erityisesti kalanteroita- 
van rainan (5) katketessa tai vahingoittuessa, jossa me- 
netelmassa mitataan kalanteroitavan rainan (5) kireytta 
useasta rainan (5) poikittaissuuntaisesta kohdasta, 
tunnettu siita, etta avataan kalanterin nipit (9, 
10) , kun halutussa maarassa rainan (5) poikittaissuun- 
taisia kohtia mitattu kireys on laskenut arvoon, jossa 
rainan (5) kireysprof iilia tarkkaileva paattelyalgoritmi 
tulkitsee tilanteen ratakatkoksi tai nippien (9, 10) 
avaamista vaativaksi vahingoittuneeksi rainan (5) koh- 
daksi . 

2 . Patenttivaatimuksen 1 mukainen menetelma, tunnettu 
siita, etta 



- annetaan rainan (5) kireydelle haluttu ver- 
tailuarvo kireyden mittauskohdassa , 

- verrataan mitattua rainan (5) kireysarvoa 
vertailuarvoon, ja 

- avataan kalanterin nipit (9, 10), kun rainan 
(5) niiden poikittaissuuntaisten kohtien yh- 
teenlasketun leveyden suhde, joissa rainan 
(5) mitattu kireysarvo alittaa annetun ver- 
tailuarvon, koko rainan (5) leveyteen ylit- 
taa halutun raja-arvon. 
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Patenttivaatimuksen 1 mukainen menetelma, tunnettu 
siita, etta 



annetaan rainan (5) kireydelle haluttu ver- 
tailuarvo kireyden mittauskohdassa, 

lasketaan rainan (5) eri kohdista mitattujen 
kireysarvoj en painotettu keskiarvo, ja 

- avataan kalanterin nipit (9, 10), kun kire- 
ysarvoj en painotettu keskiarvo alittaa anne- 
tun vertailuarvon . 



Patenttivaatimuksen 3 mukainen menetelma, tunnettu 
siita, etta painotetun keskiarvon painokertoimena kayte- 
taan mittauskohdan leveytta. 

Jonkin edella olevan patenttivaatimuksen mukainen mene- 
telma, tunnettu siita, etta mitataan kalanteroita- 
van rainan (5) kireytta epasuorasti mittaamalla rainan 
(5) laheisyyteen sijoitetun, rainan (5) kulkusuunnassa 
ainakin osittain kaarevan pinnan omaavan mittauslistan 
ja liikkuvan rainan (5) valiin muodostuvan ilmapatjan 
paine, joka on verrannol linen rainan (5) kireyteen. 

Jonkin edella olevan patenttivaatimuksen mukainen mene- 
telma, tunnettu siita, etta katkaistaan kalanteroi- 
tava raina (5) ilmakatkaisulaitteella, kun rainan (5) 
kireysprof iilia tarkkaileva paattelyalgoritmi tulkitsee 
tilanteen ratakatkoksi tai nippien (9, 10) avaamista 
vaativaksi vahingoittuneeksi rainan (5) kohdaksi. 



20 



25 



30 
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7. Sovitelma kalanterin nippien (9, 10) avaamiseksi erityi- 
sesti kalanteroitavan rainan (5) katketessa tai vahin- 
goittuessa, joka sovitelma kasittaa 

5 - ainakin kaksi nippikosketukseen sovitettua 

elinta (1, 2; 3, 4), joiden valista kalante- 
roitava raina (5) on sovitettu kulkemaan, ja 

- mittalaitteen (6, 7, 8) kalanteroitavan rai- 
10 nan (5) kireyden mittaamiseksi useasta rai- 

nan (5) poikittaissuuntaisesta kohdasta, 

tunnettu siita, etta kalanterin nipit (9, 10) on so- 
vitettu avattaviksi, kun halutussa maarassa rainan (5) 
15 poikittaissuuntaisia kohtia mitattu kireys on laskenut 

arvoon, jossa rainan (5) kireysprof iilia tarkkaileva 
paattelyalgoritmi tulkitsee tilanteen ratakatkoksi tai 
nippien (9, 10) avaamista vaativaksi vahingoittuneeksi 
rainan (5) kohdaksi. 



8. Patenttivaatimuksen 7 mukainen sovitelma, tunnettu 
siita, etta mittalaite (6, 7) on sovitettu rainan (5) 
kulkusuunnassa ennen kalanterin nippia (9, 10) olevaan 
kohtaan . 

9. Patenttivaatimuksen 7 tai 8 mukainen sovitelma, tun- 
nettu siita, etta mittalaite (8) on sovitettu rainan 
(5) kulkusuunnassa kalanterin viimeisen nipin (10) jal- 
keiseen kohtaan. 

10. Jonkin patenttivaatimuksen 7-9 mukainen sovitelma, 
tunnettu siita, etta mittalaite (6, 7, 8) on rainan 
(5) kulkusuunnassa ainakin osittain kaarevan pinnan 



p^mi F I 0 0 / 0 0 8 1 7 
13 ^ 



omaava kireydenmittauslista , jossa on reikiin sovitettu- 
ja paineenmittausantureita . 

11. Jonkin edella olevan patenttivaat imuksen mukainen sovi- 
5 telma, tunnettu siita, etta toinen kalanterin nipin 

(9, 10) muodostavista elimista (1, 2; 3, 4) on metalli- 
pintainen tela ja toinen pehmealla pinnoitteella varus- 
tettu tela. 

10 12. Jonkin edella olevan patenttivaatimuksen mukainen sovi- 
telma, tunnettu ilmakatkaisulaitteesta, jolla kalan- 
teroitava raina (5) on sovitettu katkaistavaksi , kun 
rainan (5) kireysprof iilia tarkkaileva paattelyalgoritmi 
tulkitsee tilanteen ratakatkoksi tai nippien (9, 10) 

15 avaamista vaativaksi vahingoittuneeksi rainan (5) koh- 

daksi . 

13. Patenttivaatimuksen 12 mukainen sovitelma, tunnettu 
siita, etta ilmakatkaisulaite on integroitu kireydenmit- 

20 tauslistaan. 

14. Menetelma liikkuvan rainan (5) ratakatkon tai vahingoit- 
tumisen havaitsemiseksi , jossa menetelmassa mitataan 
rainan (5) kireytta useasta rainan (5) poikittaissuun- 

25 taisesta kohdasta, tunnettu siita, etta ilmoitetaan 

rainan (5) ratakatkosta tai vahingoittumisesta, kun ha- 
lutussa maarassa rainan (5) poikittaissuuntaisia kohtia 
mitattu kireys on laskenut arvoon, jossa rainan (5) ki- 
reysprof iilia tarkkaileva paattelyalgoritmi tulkitsee 

30 tilanteen ratakatkoksi tai nippien (9, 10) avaamista 

vaativaksi vahingoittuneeksi rainan (5) kohdaksi. 




P c 
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Tiivistelma (57) : 

Keksinnon kohteina ovat menetelma ja sovi- 
telma sellaisen kalanterin nippien (9, 10) 
avaamiseksi, joka kasittaa ainakin kaksi 
nippikosketukseen sovitettua elinta (1, 2; 
3, 4), erityisesti kalanteroitavan rainan 
(5) katketessa tai vahingoittuessa . Kalan- 
teroitavan rainan (5) kireytta mitataan 
useasta rainan (5) poikittaissuuntaisesta 
kohdasta ja kalanterin nipit (9, 10) ava- 
taan, kun halutussa maarassa rainan (5) 
poikittaissuuntaisia kohtia mitattu kireys 
on laskenut arvoon, jossa rainan (5) ki- 
reysprof iilia tarkkaileva paattelyalgoritmi 
tulkitsee tilanteen ratakatkoksi tai nippi- 
en (9, 10) avaamista vaativaksi vahingoit- 
tuneeksi rainan (5) kohdaksi . 



